In the coming decade, cost reduction and energy efficiency will be the dominating success factors for any industry. Currently, the hydraulic industry is not fit to meet these demands: hydraulic systems and components are simply too expensive and too inefficient. It is important to mention that there are no fundamental reasons for the poor performance and high manufacturing, production, and engineering cost. Without doubt, hydraulics can be efficient and low-cost. However, the niche market in which the hydraulic industry operates simply does not have an alternative for the hydraulic cylinder. Without feeling the heat of competition, the hydraulic industry has not had enough incentive to invest in new products and technologies. However, changes are apparent. Relatively high labour cost already threatens the production industry in Europe and North America. Moreover, the uncertainty about future fuel and energy prices, and CO 2 emission demands, will force the industry to change. If it does, it will create unprecedented market opportunities, utilizing the full potential of high power, torque, and force densities, combined with flexibility in control and power management. The fluid power industry really does not have an alternative. It is convicted to innovation.
In his novel The Trial [1] , Franz Kafka describes how, one morning, Josef K. is accused. It is not clear what this faithful and loyal senior bank clerk is accused of, but it is certain to the authorities that he is guilty. Then, almost hidden at the end of the book, there is the indictment from the priest when he screams in anger to Josef K.: 'Can you not see two steps in front of you?' Soon after, Josef K. is executed and dies 'like a dog'.
Without looking forward, we will also be accused, brought to trial, and executed. Like in Kafka's novel, the court of trial will be invisible but at the same time omnipresent ('everything belongs to the court', Kafka writes). It is society that will be the accuser, the court, and the hangman. Or, to rephrase this in terms of technology development, only the technology that fits the needs of society will have the 'right' to survive. This forces one to look forward, since time is needed for developing new technical solutions.
The hydraulic industry and academia have not done this for decades. However, despite the economic downturn, the hydraulic industry still lives, drifting like a small boat on the high waves of the economic ocean. Society seems to be quite mild towards the hydraulic industry for it has not (yet) accused, convicted, and executed the inevitable verdict. Of course, there have been numerous developments and research projects, but aside from some marginal new products, none has really been brought successfully to the market. In this respect there seems to be a lack of leadership and entrepreneurship. After all, it is the entrepreneur who, by definition, must have the will and the ability to convert new ideas or inventions into successful innovations [2] .
Compared with the electric and mechanical transmissions industry, the hydraulic industry operates in a niche market. Its stronghold is the hydraulic cylinder; there is no mechanical or electric alternative that comes close to the performance of the hydraulic cylinder in terms of robustness, force density, and controllability. Furthermore, since the market requires hydraulic cylinders, there is also a need for hydraulic pumps, valves, hoses, fittings, and reservoirs.
The niche market of the hydraulic industry seems like an invincible fortress, which has made it easy for business leaders to hold the fort. However, the situation is changing and the fortress is threatened, in the first place from within. Compared with other industries, the hydraulic industry is labour intensive. As a result, hydraulic components are expensive. The manufacturing cost of most hydraulic heavy-duty pumps and motors is about 40-80J/kg. Mechanical transmission components cost about 15J/kg. Without the design of new pump and motor principles that are less labour intensive, it is almost a certainty that the industrial centre of gravity will shift eastwards; a trend that can already be observed at international trade fairs and in the growing number of Chinese and Korean research papers. While this will not threaten the hydraulic market, it will have a large impact on the European and American hydraulic industry.
Another weakness of hydraulic systems and components is inefficiency. Given the strong and increasing market demand for energy efficiency, this weakness has now become a real threat to the hydraulic fortress. There are several reasons for the efficiency demand. Aside from the advantage of a green image, all of these reasons can be translated into cost.
First of all, inefficiency results in a need for cooling capacity. This capacity not only costs money, but also requires space which is often not available. Inefficiency also often results in a higher installed engine power. Emission standards of mobile off-road machinery are divided into engine power categories: a higher power category has stricter, i.e. more expensive, emission standards. This has created a strong incentive to reduce the installed engine power by means of improving the efficiency and the introduction of hybrid systems. The hydraulic industry does not seem to be fit to fulfil these needs and requirements. Manufacturers of fork-lift trucks and excavators have already presented hybrid versions of their future machines. Without exception these are all hybrid electric systems. Finally, there is the influence of energy cost on the operating cost of a machine. The times of inexpensive diesel oil and electricity are over. Even in the midst of the economic crisis, oil prices did not drop to the relatively low levels of early 1999. Energy costs have become a substantial part of the operating costs of vehicles and machines.
The inefficiency of hydraulic systems and components could well become the Achilles heel of the hydraulic industry. Compared with mechanical and electrical transmission components, most hydraulic pumps and motors are very inefficient. Most heavy-duty pumps and motors have peak efficiencies of about 90 per cent, but especially at part load operating conditions the efficiency drops to very low levels. The losses are further increased in the valve blocks that control the pressure levels in the hydraulic cylinders. In an excavator about 80 per cent of the energy of the engine is dissipated in the hydraulic system [3] . This is no longer acceptable, especially since most of these losses could be avoided. There is no fundamental reason why a hydrostatic pump or motor could not have a peak efficiency of 97 per cent. There is also no fundamental reason why energy recuperation or power management could not be realized by means of hydraulic accumulators. On the contrary: the high power capacity makes these accumulators almost ideal for those tasks. There is even no fundamental physical reason why a higher efficiency could not be combined with a reduction of manufacturing cost, lower noise levels, higher start-up torque, and lower wear.
Knowing the future trends and demands of the market, the hydraulic industry has no alternative. It has to increase efforts to develop, produce, and sell new components and systems which are fundamentally more efficient. Separate meter-in and meter-out control of double-acting cylinders, hydraulic transformers, secondary control, and several new hydrostatic pump and motor principles have already demonstrated the potential and the future directions.
If, in addition to a fundamental efficiency improvement, the hydraulic industry could also reduce the manufacturing cost of heavy-duty pumps and motors to 15J/kg, it could grow from a niche player to a mainstream transmission supplier. There is a strong need for cost-effective, compact, and efficient transmissions that allow a high degree of power management and power control. Electric systems are now the preferred solution to add flexibility to mechanical transmissions and drive trains, but the power density of electric motors and generators is 20 to 30 times lower than that of hydraulic pumps and motors, and electric batteries are by no means fit for handling high power levels. Moreover, modern electric motors and batteries require precious and expensive materials such as neodymium and lanthanum. Each Toyota Prius, for instance, requires 1 kg of neodymium for its PMDC (permanent direct current) motor and up to 14 kg of lanthanum for the battery.
Hydraulic pumps, motors and accumulators require none of these, or any other expensive materials. From a construction and manufacturing point of view, heavy-duty hydraulic pumps and motors are much like gear transmissions, having a cast iron house, some bearings, shafts, and steel precision parts. Hence, there is no fundamental reason why the specific manufacturing cost of pumps and motors (in J/kg) should be different from that of gear transmissions or any other mechanical transmission. If the efficiency of hydrostatic machines could be substantially improved and if the manufacturing cost could be reduced to 15 J/kg, hydraulic transmissions could very well compete with mechanical transmissions, even for application in passenger cars. Hydraulic systems offer a degree of power management, energy recuperation, flexibility, and controllability that can never be achieved by pure mechanical solutions. Moreover, compared with (hybrid) electric solutions, hydraulic systems offer unparalleled compactness, lower cost, higher efficiencies, and robustness.
A forward look cannot tell the truth but, as the priest says to Josef K., 'You don't need to accept everything as true, you only have to accept it as necessary.' A forward look can only observe the current and future needs of society, and translate these needs into necessary steps to be taken. For the hydraulic industry, these steps are absolutely clear. It has to improve the cost and increase the efficiency of hydraulic systems and components to avoid further erosion of its market niche. The good news is that, if the hydraulic industry succeeds in achieving these goals, it creates enormous potential in applications where mechanical and electric transmissions have come to an end. It only has to do what is already necessary.
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